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ABSTRACT
The interaction between geomorphological processes and anthropogenic activities produces
an impressive association of geomorphological and archaeological heritage in urban
contexts. We analyzed the urban geomorphology and the geo- and cultural heritage in the
town of Pavia (N Italy). The city is located in a strategic position, on a series of fluvial terraces
where the Romans founded a colony, probably in the place of an Iron Age Gaul settlement.
In Medieval Times and the Modern Era, Pavia sprawled outside the Roman walls, creating
new urban areas and modifying the landscape. Geomorphological and GIS-spatial analyses
integrated with anthropic landform surveying, archaeological data and historical cartography
were performed. This multi-disciplinary approach allowed an investigation into how urban
development was firstly adapted and then superimposed onto fluvial landforms. As a result,
a flexible geocultural itinerary is proposed for linking geoheritage with cultural heritage, and
for disseminating urban geomorphology key-concepts.
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1. Introduction
Urban geomorphology and urban geoheritage are
becoming topics that are of growing interest, as they rep-
resent the starting point in understanding the relation-
ship between natural modelling processes and
anthropic activities, in geoheritage assessment and
geoarchaeological studies (Cardarelli et al., 2004; Cre-
maschi et al., 2018; Dall’Aglio et al., 2011; Dall’Aglio
et al., 2017; Del Monte et al., 2016; Giordano et al.,
2016; Lewin, 2010; Mozzi et al., 2018; Ninfo et al., 2016;
Pica et al., 2016; Rhoads et al., 2016; Stefani & Zuppiroli,
2010). In the beginning, the geomorphological landscape
was determinant for village and settlement positioning
(Benito-Calvo & Pérez-González, 2015; Cremaschi
et al., 2018), but afterwards, human activities progress-
ively became more incisive in reworking morphological
features and in conditioning surface geomorphic pro-
cesses. Effects and impacts are nowadays more evident
in heavy populated urban areas where landforms can
be dismantled, buried and reworked with consequences
in terms of hazard and risk (Acquaotta et al., 2018) as
well as in terms of geoheritage degradation and masking
(Clivaz &Reynard, 2017; Garcia et al., 2019). At the same
time, cultural heritage has been growing, acquiring value
in relation to the archaeological, historical, architectural
components, together with the geomorphological com-
ponent (Brandolini et al., 2019).
Alluvial plains always represented key sites for settle-
ments as fluvial deposition generated available terrains
for settling, while river patterns naturally delimited
plain portions establishing the first natural defense,
even if living near rivers means living under the risk of
flooding (Brandolini et al. 2020; Brandolini & Carrer,
2020). In this sense, land and water management activi-
ties sometimes helped to reduce flood hazards, but in
other cases induced a higher hazard scenario (Faccini
et al., 2018).Where landformshavebeen deeplymodified
in urban contexts, some geomorphic features and geo-
morphosites (sensu Panizza, 2001; Pelfini & Bollati,
2014; Reynard & Panizza, 2005) can be still recognized,
thanks to specifics of urban features, to historical docu-
ments and to an integrated approach in investigations
(Brandolini et al., 2019). In this sense, geo-archaeological
and historical data are crucial to understanding the geo-
morphological evolution of city centers as demonstrated
by Rome (DelMonte et al., 2016; Pica et al., 2016) and by
other famous Mediterranean towns like Genoa, Naples,
Palermo and Patras (Brandolini et al., 2019).
In this study we analyzed the urban geomorphologi-
cal development of the town of Pavia (Central Po Plain,
Northern Italy) in the last two millennia, in order to: i)
highlight and map the former topographic and geo-
morphic features in relation to artefacts; ii) propose a
flexible itinerary useful for disseminating cultural and
geo-heritage in the city context, as well as the effects
of urban growth on fluvial landforms.
The city of Pavia was selected as it is considered an
important and representative fluvial town (Gisotti,
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2016). Pavia represents an urbanistic model
typical for the Po plain (Dall’Aglio et al., 2011;
Gisotti, 2016).
2. The study area and geomorphological
setting
The mapped area lies inside the Lombardy region
(Northern Italy) (Figure 1). The town of Pavia is
located on a series of fluvial terraces in the western
part of the Central Po Plain, a few kilometers upstream
from the confluence of the Ticino River into the Po
River and approximately 45 km south of Milan.
The current morphology of the plain sector within
which Pavia rises is fundamentally due to the rivers’
activity that from the Pleistocene to the present have
shaped the landscape through alternating phases of sedi-
mentation and incision. The river terraces are the most
striking and characteristic elements, but also other typi-
cal features of alluvial plains, such as fluvial ridges, cre-
vasse splay, traces of abandoned riverbed and scarps, can
be found (Castiglioni et al., 1997).
The portion of the plain to the north of the Po
River is a wide surface, clearly defined by terrace bor-
ders, known as ‘Livello fondamentale della pianura’
(‘Main Surface of the Plain’, MSP, Figure 1), inter-
preted as the product of fluvioglacial and fluvial
aggradation phases of the pede-Alpine plain, as a
consequence of the Last Glacial Maximum (Casti-
glioni & Pellegrini, 2001). In the late Pleistocene,
this surface was abandoned by the main rivers that,
under the changes in the climatic conditions that
marked the passage to the Holocene, began to deepen
the plain itself digging increasingly higher scarps. The
series of Holocene valleys, one entrenched inside the
other, within which the rivers Po, Ticino, Adda,
Oglio, etc. flow, are the result of this activity (Ravazzi
et al., 2012). Alternating phases of erosion and depo-
sition also took place during the Holocene. The result
was a remarkable articulation of the plain, with high
terraces overlooking the river below, constituting
areas that, from a strategic and functional point of
view, were the primary object of the settlement
choices by ancient populations.
Some of these geomorphological features can be
considered geosites (sensu Wimbledon, 1999). More
specifically, landforms can be considered geomorpho-
sites (i.e. sites of geomorphological interest; sensu
Panizza, 2001) when they acquire values for their
scientific, cultural, economic and scenic component
(Bollati et al., 2017a) in relation to human perception
(Garavaglia et al., 2012; Panizza & Piacente, 2003).
Geosites nowadays can be identified both in urban
and peri-urban contexts. Inside the municipal bound-
ary, geomorphosites are mainly masked or modified
by human reworking, while in city surroundings,
they testify to ancient fluvial activity. Two examples
are represented by the ‘Dosso Boschetto’ (Boschetto
fluvial ridge), which rises about 4-6 m on the sur-
rounding plain testifying juxtaposition of fluvial
ridges and/or river bars and the ‘Cuspide di terrazzo
di Cascina Santa Sofia’ (Cascina Santa Sofia terrace
cusp). This latter is the result of the meandering
river channel, which dismantled an intermediate
Figure 1. Location of the study area.
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terrace because of lateral erosion. (Pellegrini & Ver-
cesi, 2005; Tozzi, 1995).
3. Historical urban development
The city of Pavia lies on a system of fluvial terraces that
slope down towards the Ticino river (58 m a.s.l.) from
the MSP through a series of terraces. Although the
large surface available allowed the new urban layout
to be perfectly adapted to the plain morphological fea-
tures, the relatively high difference in altitude between
the intermediate and lower terraces was not taken as a
limit for the town. During its growth from South-West
to North-East the city crossed those escarpments that
show local differences in height as great as 10 meters,
especially near the River Ticino (Figure 2). This evol-
ution model can be related to the aim of privileging a
direct relationship with the river in order to control
it (Tozzi, 1974). Moreover, in this way, it was possible
to exploit terrace springs that were found in correspon-
dence with the terrace scarps (Tozzi, 2005).
The geomorphological setting of Pavia and sur-
roundings guided the choice for the first human settle-
ments. The Roman colony of Ticinum, (Roman name
of Pavia) was founded in 89 BCE on the banks of the
River Ticino, probably replacing a former Gaul village
(Tozzi, 2007). The valleys cut by the Ticino and by two
minor watercourses Navigliaccio and Vernavola,
delimited an area that was well defended naturally.
Moreover, the town core was artificially delimited by
two branches of the ancient Carona stream: Carona
degli Orti and Carona Magistrale (Dall’Aglio et al.,
2011) (Figures 3 and 4). The Roman plan of the city
consisted of squared districts defined by a regular
grid of roads (cardi and daecumani) still recognizable
in the historic city center layout. During the Middle
Ages, the city expanded especially to the North and
East as new royal palaces, churches and monasteries
were founded (Blake, 1995; Hudson, 1981; Nepoti,
2000). In 1359 CE the city of Milan conquered Pavia
and its ruler, Galeazzo II Visconti, promoted the estab-
lishment of a new castle (the Visconti Castle; Vicini,
1991) that was built at an altitude of about 80-82 m
on the MSP. In the Modern Age, the battle of Pavia
(1525 CE) marks a watershed in the city’s fortunes,
with the beginning of the Spanish occupation which
lasted until 1713, after which the city was ruled by
the Austrians until 1796. After the Napoleonic period
(1815), it returned under Austrian control until the
Second War of Italian Independence in 1859. In the
nineteenth century, the most relevant intervention on
the urban assessment of Pavia was the opening of a
new artificial waterway that connects Milan to the
Ticino River: the Naviglio Pavese canal. This 33 km
waterway was completed in 1819 and was intensively
used for commercial purposes until the beginning of
Figure 2. Historical urban development of Pavia.
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the twentieth century CE. During the twentieth cen-
tury, the city’s historic city center spread, reaching its
current extension (Figure 2)
4. Methods
To achieve an interdisciplinary understanding of the
interplay between geomorphological processes and
human activities, geomorphological survey and GIS-
spatial analyses were integrated with field surveying,
archaeological data and historical cartography.
A detailed geomorphological survey was carried out,
as the current morphology of the city’s slopes has
undergone an anthropic reworking over the centuries,
that sometimes makes the distinction between natural
and Man-made forms challenging.
The cartographic effort on the study area took place
mainly through remote sensing, with the acquisition
and processing of topographical and geomorphological
data to be compared with the historical-archaeological
data. To draw the Main Map, we acquired field data
and data available from several archives. Reference
topography was derived from Digital Elevation Model
Figure 3. Locations of the itinerary stops.
Figure 4. 3D model of the fluvial terrace sequence of Pavia (vertical exaggeration 10x).
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(5-meters resolution) retrieved online from the Geo-
portale of the Lombardia Region (http://www.
geoportale.regione.lombardia.it/) and elaborated
through software GRASS 7 (OSGeoProject) to fix
DEM resolution (tool r.map.calc). The historical-
archaeological data were extracted from historical car-
tography retrieved from the archive of Pavia Civic
Museum (available online http://www.museicivici.
pavia.it/paviainweb/cartografia). Some of the historical
maps of Pavia were scanned using a high-resolution
and contactless methodology based on SfM-photo-
grammetry (Brandolini & Patrucco, 2019) and then
imported in QGIS 3.4 (OSGeoProject) to be georefer-
enced (Georeference plug-in). Symbols refer to the
last version of the geomorphological maps legend edi-
ted by the Italian Institute for Environmental Protec-
tion and Research-ISPRA (Campobasso et al., 2018),
and the geo-anthropic elements were used according
to Del Monte et al. (2016).
The geoheritage literature on fluvial (Brandolini
et al., 2019) and urban landscapes (Pelfini et al.,
2018; Pica et al., 2016; Reynard et al., 2017) helped in
the definition of the thematic itinerary on geocultural
heritage here proposed. In order to detect the most evi-
dent variations in altitude of the town, crossing the ter-
races of the different orders, a series of topographic
transects were performed. The QGIS Profile tool was
used to extract the topographic profiles from the
DEM. Some elements were chosen to be crossed by
the profiles: i) terrace scarps and river edges (Dall’A-
glio et al., 2011; Morandotti, 1934; Tozzi, 1995); ii) his-
torically relevant elements (bridges, churches, ancient
spas) the locations of which were mainly guided by
the geomorphological elements.
5. Results
The Main Map synthesizes the geomorphological evi-
dence still recognizable in the urban context of Pavia
and shows the transformation of fluvial landforms
into anthropic landforms. Moreover, it highlights the
proposed 13 geo-cultural stops, which allow to walk
on and cross the modified fluvial terraces, from the
main surface of the plain to the Ticino river.
5.1. Geomorphological overview on the Pavia
city center
Themainmap and Figure 3 show the distribution of the
original fluvial features and the range of anthropic
modifications. At first glance, it is possible to recognize
the naturally defended area on which the historical cen-
ter of the city is located (delimited by natural water-
courses). At the same time, it is possible to grasp the
result of the anthropic action that has remodeled the
natural boundaries by incising escarpments (man-
made scarp edges e.g. stop 13). The historical city center
rises on the fluvial terraces (Figure 4) starting withMSP
(Terrace order 1; T1)where theVisconti Castle was built
and slowly descending to the river course occupying the
successive terraces of second, third and fourth order.
The Terrace order 2 (T2) edge and scarp show how
these latter represented an important source of water
for people thanks to water springs (stop 3). The water
use is also documented by a network of roman pipes
(stop 10). Moreover, the effect of running and chan-
neled water cutting T2 is evident (Stop 12) where a V-
shaped incision is reported (Main Map).
Somewhere the watercourse dynamic has dramati-
cally reduced the Terrace Order 3 (T3), bringing almost
into contact the Terrace Order 4 (T4) and T2 as evi-
denced by a steep street (Stop 8). T3 is well represented
by stop 9, where the mural painting by Bernardino
Lanzani (1522) shows the urban planning of the city,
its declivity toward the river, and the related access to
the riverbank (see stop 9 description). Analogously,
the perspective of the city from stop 7 (T4) highlights
the anthropic remodeling interventions to reach the
Castle on T1.
5.2. The geocultural itinerary
A Geocultural Itinerary (GI from now on) is proposed
(Figure 3). This can be considered a flexible itinerary as
several sites (13) have been selected as meaningful geo-
stops linked with cultural features. Geostops in an
urban context can be progressively reached via differ-
ent paths, walking different streets and squares.
The GI runs through the city center, inside the Mod-
ern Age city-walls, from the Visconti Castle till the
Ticino River (stop 1-7), crossing the various terraced
surfaces. Then the itinerary, moving from stop 7 to
13, allows the observation of more characteristics of
T4-T2, human artificial channels and trenches, going
finally up towards the railway station.
Description of the 13 geostops forming the pro-
posed urban cultural itinerary:
- Piazza Castello (n.1, in Figure 3). The castle lies on
the southern edge of the Pleistocene MSP, the
highest and oldest terraced surface of the area,
extending northwards without interruption,
referred here as T1 (Figure 4).
- University main building (n.2 in Figure 3). Like most
of the city center, it is located on the terraced Holo-
cene surface (T2; Figure 4) which is lower (less
than about 3 meters) than the surface of the Castle
area. The University courtyards present a large
variety of stones constituting the architectonic
elements that offer the opportunity for obser-
vations on lithodiversity (Sacchini et al., 2018)
and stone provenance.
- San Tommaso building (Piazza del Lino) (n.3; Figure
3). The building is located on the edge of surface
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T2 and partly also on its scarp. The historical
sources identify here as the place of foundation
of the city, describing the site as being rich in
water springs. Indeed, the high scarp, which cuts
the T2 terrace, highlights the impermeable silty
deposits that support an aquifer below the gravel
(Figure 5). When this water table is loaded, the
springs, intercepted by the scarp, are activated
(Tozzi, 2017).
- Piazza Municipio (n.4 in Figure 3). The square lies on
the edge of T2, and the steep Via Porta runs trans-
versally to the terrace scarp. This scarp, towards
the East, shows a clear change of direction as evi-
dence of a meandering river channel during the
ancient incision phase (Figure 4).
- San Michele Church (n.5 in Figure 3). It is located
on T3 (Figure 4) the surface of which is discon-
tinuous, as a consequence of the lateral river ero-
sion or due to the incision of small valleys,
developed perpendicularly to the River Ticino
into which they flow. It seems that part of the
churchyard was extended with artificial fillings.
The church was built using sandstones with car-
bonate cement (Monte Arzolo sandstones), out-
cropping relatively near the town and
characterized by pleasant colors. Despite the
high malleability of the material, chemical weath-
ering on this lithotype is responsible for ruining
stones and artistic sculpture.
- Porta Nuova (n.6 in Figure 3). It is located in the
lower area of the city (T4, Figure 4) and is separ-
ated from the river by a high artificial levee on
which a road runs. Despite the levee, during the
major floods, this area may be flooded.
- Piazzale Lungo Ticino (n.7 in Figure 3). The perspec-
tive of the city from this point of view highlights
the upward development and the anthropic remo-
deling interventions to allow the road (Corso
Strada Nuova) leading to the castle to overcome
the height difference of about 18-20 meters.
Looking at the watercourse, the riverbank defenses
and some lateral and mid-channel bars can be
observed. On the right bank, opposite Pavia city
center, the ‘Borgo Ticino’ district is located. It
lies on a level approximately similar to T4 and
houses without defence works are frequently sub-
merged by floods. The last flood was in 2019
when during the night between 24th and 25th
November, the Ticino overflowed the banks in
the area of Borgo Basso (Borgo Ticino
neighborhood).
- Porta Calcinara (n.8 in Figure 3). This lower area is at
the same altitudinal level of Porta Nuova (T4); a
very steep street (Via Rotari dei Longobardi)
leads directly to T2, T3 not being present.
- San Teodoro Church (n.9 in Figure 3). Not far from
Porta Calcinara, San Teodoro Church is located on
a portion of T3. Here an interesting mural painting
by Bernardino Lanzani (1522) is present: the town
seems to ‘rise’ from the river while the Abbot
Antonio protects the town from the French sol-
diers. Together with its cultural and historical
value, this piece shows the urban planning of the
city, its declivity towards the river, and the related
access to the riverbank.
- Piazza del Duomo and Piazza della Vittoria (n.10 in
Figure 3). The itinerary returns to the T2 terraced
surface, where, in 1960, the excavation for the
underground market brought to light important
Roman remains, represented by an impressive net-
work of sewer pipes (Tozzi, 2007).
- Sant’Agata al Monte (n. 11 in Figure 3). The place-
name (today Piazza XXIV Maggio) refers to the
existence of a Medieval monastery settled in a
topographically higher position than the sur-
rounding neighborhood. This church was estab-
lished in the 7th century CE in a prominent
position on terrace T2 (about 76.5 m a.s.l.), hang-
ing directly on T4 terrace. The monastery was dis-
mantled at the beginning of the twentieth century
CE. The only remnants of this hidden archaeo-
geomorphosite consist of some stone epigraphs
that were reused to construct the building that
replaced the medieval Sant’Agata Church
(Tolomelli, 2000).
- Via dei Molini (n.12 in Figure 3). Today we can still
recognize depressions oriented almost N-S that
were probably incised by the waters
running towards the Ticino (see the Main
Map). Some of these were run through by canals
used for various human needs. The Via dei
Molini was probably crossed by the ‘Carona dei
Molini’ a canal, now not very evident, serving
these mills.
- Viale Cesare Battisti (n. 13 in Figure 3). On the side of
via Cesare Battisti, on the other hand, there is a
deep valley that had to be scoured by the ‘Carona
Figure 5. Schematic representation of a terrace water spring.
The schematic section of the terraced system highlights a
silty bed that supports a water table that feeds some springs
at the terrace slope. A – perched aquifer; B – phreatic aquifer.
The wealth of sources, in an exemplary way, was celebrated by
Opicino de Canistris in sixteenth century CE (Tozzi, 2017) who
remembers ‘in the center of the city, under the St. Thomas
church, a very copious and beautiful spring’.
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degli Orti’, to irrigate urban vegetable gardens in
the past. The latter could have constituted an
ancient limit to the city on the western side.
6. Discussion
Geomorphological reconstructions in urban areas are
strategic for better understanding of the geomorphic
dynamic, especially when this latter has been deeply
modified by human interventions. This is crucial in
fluvial environments where urban development has
been responsible, for example, for the drainage of the riv-
ers or the coverage of riverbeds (Brandolini et al., 2018).
In this work, a great contribution to the reconstruc-
tion of the ancient fluvial landscape in Pavia comes
from a detailed field survey, which includes field
measurements of street slopes in different points of the
city, and from a careful research of archaeological and
historical data carried out both during the present and
previous researches. This permits us to know the role
of anthropogenic activities in reshaping the landscape.
So the use of an integrated approach for reconstruct-
ing urban geomorphology and history undoubtedly
represents a key strategy not only for a better knowl-
edge of today’s city features and characteristics but
also to better comprehend fluvial dynamics and poss-
ible risk scenarios, as well as urban landscape as a cul-
tural resource (Pelfini et al., 2018). In this sense, it is
important to analyze not only fluvial dynamics but
also the complex of water-driven processes as generally
considered also for different morphogenetic and mor-
phoclimatic environments (Bollati et al., 2017b).
The growing attention paid to urban geomorphology
(e.g. Reynard et al., 2017) and to geomorphological
legend that in Italy has been recently updated (Campo-
basso et al., 2018), including detailed symbols for anthro-
pic landforms and for geoheritage, has given significant
help in constructing the Main Map. Nevertheless, the
detail of themainmap here presented required the intro-
duction of specific symbols (e.g.‘V-shaped incision’)
among the anthropogenic landforms. In any case, it is
important to organize an easily adaptable legend, which
allows the combining of colors referring to natural gen-
etic processes with anthropic ones (e.g. Pica et al., 2016).
The choice of the geostops is conditioned by the
necessity to highlight the city center structure in
relation with fluvial geomorphology and in particular,
the presence of terraces of different orders, other geo-
morphic features like fluvial erosion scarps and man-
made scarp edges, and processes (e.g water spring
stop 3). Moreover, the choice of stops is linked with
human history and cultural aspects (e.g. stop 9).
These considerations represent the bases on which
our multi-thematic itinerary has been realized. The
13 geostops follow the increasing terrace numbers
(from T1 to T4 and return) and, at the same time,
they permit the observation of the natural and
human-controlled fluvial changes and cultural sites. It
can be considered a flexible itinerary; in fact, selected
points (geostops), sequentially linked to each other,
can be reached by walking different streets and squares.
This is particularly suitable for urban contexts.
7. Conclusions
The proposal of a thematic itinerary on geocultural heri-
tage in Pavia, based on urban geomorphology represents
a key strategy to raise awareness about the dynamics of
both the natural and the anthropic processes. The Main
Map, easy understood thanks to a detailed legend, allows
the observation of the distribution of the original fluvial
features and the modified ones. This includes both the
natural defended old city boundaries and the successive
anthropic modifications, and the reshaping of the terrace
edges and escarpments. The flexibility of the itinerary
allows selecting only some stops in relation to the time
at disposal and/or specific interests.
This multi-thematic path also represents an edu-
cational opportunity (Caironi et al., 2019; Pelfini
et al., 2016): the selected stops focus on different topics
allowing different didactic strategies and interdisciplin-
ary approaches, as urban geomorphology can represent
the starting point for scientific and humanistic studies.
The urban landscape shows and stores geomorphologi-
cal evidence, sometimes partially dismantled or buried,
and then hidden. Their identification can be extremely
representative of human history and can confer
additional value to geomorphological features. More-
over, the reconstruction of fluvial landscape changes
in urban contexts becomes of extreme importance in
river management. (Brandolini & Cremaschi, 2018;
Faccini et al., 2017).
Finally, the selected geostops consider only the his-
torical city center, but other sites of geomorphological
and cultural interest can be found. The proposedflexible
geocultural itinerary could be implemented in the future
including the original remnants of natural fluvial sur-
faces in the city surroundings, that were onlymentioned
in this paper (geosites officially catalogued by the Pro-
vince of Pavia; Pellegrini & Vercesi, 2005), and other
geocultural sites, considering not only walking routes
but also cycling routes or covered by public transport.
Software
QGIS 3.4 was used for all cartographic design. DTM
analysis was performed with the help of tools from
SAGA GIS 2.3.2 and GRASS GIS 7.4.2. Figures and
the Main Map were elaborated by FB and LP.
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